Pulmonary hypertension (PH) is defined as the mean pulmonary artery pressure (mPAP) ≥25 mmHg under the sea level in resting state. ROCK1 and ROCK2 can be combined to cause the damage of vascular endothelial function. To explore the differences of ROCK1 and ROCK2 in subjects with pulmonary hypertension or normal pulmonary artery pressure in plateau area, and to further understand the mechanism of Rho/rho-kinase pathway activation for promoting pulmonary hypertension, we collected 64 patients with pulmonary hypertension and 87 normal pulmonary artery healthy controls. All subjects were hospitalized in Cardiology or Respiration Department of Qinghai Provincial Peoples' Hospital from December 2016 to June 2017. The pulmonary artery systolic pressure was measured by Doppler ultrasound, and serum ROCK1 and ROCK2 levels were tested by enzyme linked immunosorbent assay (ELISA). We found that the serum ROCK2 concentration in the pulmonary hypertension group was significantly higher than that in the control group, but serum ROCK1 level had no significant difference. ROCK2 plays a leading role in pulmonary hypertension in the plateau region, so selective ROCK2 inhibitors will be more effective in improving pulmonary hypertension.
In normal circumstances, the C-terminal domain inhibits the activity of the N-terminal domain, causing ROCK without activation. In the pathological state such as hypoxia, ROCKs can be activated by RhoGTP and Rho combining domain or caspase-3 resection C-terminal and so on to remove the inhibition of C-terminal to N-terminal. Previous studies have shown that ROCK1 activated can participate in myocardial cell apoptosis, cardiac fibrosis lead to symptoms and signs of cardiac dysfunction, as well as which also participate in vascular smooth muscle cell proliferation, inflammatory adhesion factor expression, leukocyte infiltration and so on 4, 6 , and ROCK2 can promote the migration of vascular smooth muscle cells and mitosis, cell adhesion, inflammatory cell recruitment, extracellular matrix abnormal deposition, myogenic reaction, etc 7, 8 , while both of them induce pulmonary vasoconstriction and remodeling, ventricular hypertrophy and right ventricular dysfunction, resulting in pulmonary hypertension. In addition, in course of diabetes, ROCK1 and ROCK2 can be combined to cause the damage of vascular endothelial function 9 . In previous articles, we described the pathophysiological changes of pulmonary hypertension, which not only manifested pulmonary vasoconstriction, pulmonary vascular remodeling, but also included the right cardiac structure and functional changes. A large number of animal experiments demonstrated that the Rho/rho-kinase pathway was involved in the progression of this disease. Currently, studies on the relationship between pulmonary hypertension and ROCK1 and ROCK2 were limited to lung tissue level. However, the study of pulmonary hypertension in the plateau region is limited, and the detection of serum ROCK1 and ROCK2 in pulmonary hypertension patients is much more convenient. To compare the levels of serum ROCK1, ROCK2 between the pulmonary hypertension group and control group is still necessary to clear their role in pulmonary hypertension in plateau area, as well as understand the pathogenesis of pulmonary hypertension in plateau area.
Results
In the Table 1 , the composition of hypertension, the body mass index and systolic blood pressure as well as diastolic blood pressure in the control group were significantly higher than those in the pulmonary hypertension group (P < 0.05). At the same time, the oxygen satiation in the pulmonary hypertension group was significantly lower (P < 0.05), which indicated chronic hypoxia.
In Table 2 , Statistical difference of significance in disease composition existed in between Pulmonary Hypertension Group and the Control Group (P < 0.05). It was obvious that cases of chronic corpulmonale with an approximate ratio of 50% were the most in Pulmonary Hypertension Group,with pulmonary hypertension being the critical link of lung diseases developing into chronic corpulmonale.
In Table 3 , the anterior and posterior diameter of the left atrium of the control group was significantly greater than that in the pulmonary hypertension (P > 0.05). While the indexes of the right heart structure and function in the pulmonary hypertension group were significantly higher than that in the control (P < 0.05). The increase of the anterior wall thickness of the right ventricle is a characteristic of pulmonary hypertension. As the pressure of pulmonary artery increases, the load on the right heart increases. To ensure normal pulmonary circulation, myocardial cell proliferation, hypertrophy, right atrium anterior and posterior diameter as well as right ventricular outflow tract increased. So, the right heart change is consistent with pulmonary hypertension. In Table 4 , although there was no significant difference in white blood cell count between the two groups (P > 0.05), the ratio of neutrophils and white blood cells in the pulmonary hypertension group was significantly higher than control group (P < 0.05). Red blood cells and hemoglobin levels in the pulmonary hypertension group slightly decreased, while there was no significant difference (P > 0.05). However, the standard deviation and variation of erythrocyte distribution were significantly higher in the pulmonary hypertension group (P < 0.05), indicating anemic state, which could further lead to hypoxia. In addition, the ratio of lymphocytes and white blood cells in pulmonary hypertension group was significantly lower (P < 0.05).
In Table 5 , there was no significant difference between glutamate transaminase and glutamate transaminase in the two groups (P > 0.05). However, the level of total bilirubin and direct bilirubin in the pulmonary arterial hypertension group was significantly higher than that in the control group (P < 0.05), It is suggested that with the occurrence of pulmonary hypertension, liver function injury caused by the right heart failure.
In Table 6 , blood urea nitrogen, creatinine, uric acid and cystatin C in the pulmonary hypertension group were significantly higher than those in the control group (P < 0.05). The reason may be the right heart failure in patients with pulmonary hypertension. The decrease of the left cardiac blood circulation led to insufficient renal perfusion. Kidney function deteriorates and metabolism decreases, so urea nitrogen, creatinine and uric acid levels were increased. And cystatin C also increases, which reflected the deterioration of renal function.
In Table 7 , the serum ROCK2 level in the pulmonary hypertension group was significantly higher than control (P < 0.05). Although the median of serum ROCK1 in the pulmonary hypertension group was higher than control, there was no significant difference (P > 0.05).
Discussion
ROCK2 plays a leading role in the formation of pulmonary hypertension. Pulmonary hypertension is mainly characterized as pulmonary vasoconstriction, pulmonary vascular remodeling, right ventricular hypertrophy, and right heart failure and so on, its pathogenesis is complicated, especially the ROCK plays a key role in its development. The serum ROCK2 level in the pulmonary hypertension group was significantly higher than that in the control group (P < 0.05), while there was no significant difference in serum ROCK1 (P > 0.05). Many studies have shown that the Rho/Rho-kinase pathway involved in pulmonary hypertension. Combined with the experimental results in Table 6 , we speculate that ROCK2 plays a major role in pulmonary hypertension while ROCK1.
ROCK2 promotes pulmonary vasoconstriction. Existing research shows that ROCK2 rather than ROCK1 directly combined with myosin phosphatase binding subunit, which resulted in the increasing of phosphorylation myosin and leading to the pulmonary vasoconstriction. So, it is suggested that ROCK2 plays an important role in pulmonary artery contraction 10, 11 . ROCK2 promotes pulmonary vascular remodeling. Vascular smooth muscle cells and vascular endothelial cells are involved in vascular remodeling. Xu et al. 12 used the small interfering RNA of ROCK2 to treat pulmonary smooth muscle cells, and found that the cell survival cycle was shortened, and the cell apoptosis increased. Shimizu T found that the proliferation and migration of PASMCs in ROCK2 overexpression group were significantly higher than that in the lower expression group of ROCK2, while the role of ROCK1 was relatively small 13 . The above studies show that ROCK2 plays an important role in the proliferation of smooth muscle cells. FENG QIAO et al. 14 showed that the activity of endothelial cells decreased after using siRNA to silence the ROCK2 gene. At the same time, they found that under low oxygen, Rho/Rho-kianse pathway was activated, ROCK2 promoted cell division phase G0/G1 phase to S phase by Up-regulated A/D1 cell cycle protein expression to shorten cell cycle and promote endothelial cell proliferation. While excessive proliferation can result in tumor and pleomorphic lesions, which can damage the medial vascular and elevate pulmonary arterial pressure. According to the previous analysis, it is certain that the main function of pulmonary vascular remodeling is ROCK2 rather than ROCK1.
ROCK2 promotes right ventricular hypertrophy and right heart failure. Another characteristic of pulmonary arterial hypertension is a decrease in the right ventricular hypertrophy and systolic function, and right heart failure is the leading cause of most of the patients with pulmonary hypertension. In Table 2 , we found that the right cardiac structure of patients with pulmonary hypertension was significantly altered, which was in line with pathophysiological changes. Toru Shimizu 15 , treated cardiac fibroblasts with siRNA and found that The expression of tissue growth factor (CTGF) and fibroblast growth factor (FGF2) was decreased after the ROCK2 gene silencing, while myocardial cell proliferation is not obvious. The research confirmed that under the condition of cardiac remodeling or low oxygen, AngII express in the body was increased to mediate the activation of cardiac fibroblasts and increase the expression of FGF2 and CTGF in fibroblasts by TGF-1. The results are consistent with the experimental results in Table 6 . With the activation of fibroblasts, type I collagen increased, but matrix proteinase-1 activity decreased, and extracellular collagen deposition caused myocardial cell contraction 15 . Michelle Surma use ROCK1 or ROCK2 loss functions with antioxidant treatment against myocardial toxicity induced by doxorbicin chemotherapy, found that ROCK1 loss function can enhance the effect and ROCK1 and ROCK2 play a role in instability of actin respectively 6 . Again, it strongly proves that the right cardiac dysfunction is related to ROCK2 rather than ROCK1. The serum ROCK2 level in the pulmonary hypertension group was significantly higher than that in the control group (P < 0.05). In accordance with the above experiments, we conclude that ROCK2 rather than ROCK1 plays a leading role in the occurrence of pulmonary hypertension by promoting pulmonary vasoconstriction, pulmonary vascular remodeling, right ventricular hypertrophy, right heart failure occurs.
Chronic inflammatory response can induce pulmonary hypertension. Neutrophils and C-reactive
protein were elevated in the pulmonary hypertension group (P < 0.05), consistent with the results of Voelkel et al. The increase of neutrophils can enhance the chemotactic effect by elastin and fibronectin. The inflammatory response affects the pulmonary artery pressure mainly by changing the thickness of the endovascular intima, middle membrane and outer membrane 16 . The lymphocyte ratio decreased suggested an increased inflammatory response. Voelke et al. indicated that the lack of Treg cells caused the formation of pulmonary hypertension 17 . The study indicates that the increase of the ratio of neutrophils and lymphocytes in peripheral blood indicates that the prognosis of pulmonary hypertension patients is not good, and the need for lung transplantation treatment is greater 18 . Therefore, many studies emphasize that the treatment of inflammation in patients with pulmonary hypertension can improve the prognosis.
Hypoxia is another cause of pulmonary hypertension. RDW is a parameter which reflects the volume heterogeneity of peripheral blood cells. Increased RDW indicates anemia, hematopoietic abnormalities, or congenital erythrocyte abnormalities. The serum RDW level in the pulmonary hypertension group was significantly higher than that in the control group 19 . The high RDW indicated that PH patient accompanied with anemia, and the change trend was same with hemoglobin concentration in Table 3 , while there was no significant difference in the level of erythrocyte and hemoglobin in peripheral blood (P > 0.05). Anemia means that oxygenated hemoglobin level is reduced, and the body is in anoxic state. The difference in the oxygen saturation of the fingertip in Table 1 illustrated this point. Elevated RDW promotes the development of cardiovascular disease through chronic hypoxia, inflammatory response and oxidative stress 20 . Moreover, high RDW indicates poor prognosis in patients with pulmonary hypertension 18 . The oxygen saturation in the pulmonary hypertension group was significantly lower than that in the control group (P < 0.05), which was related to the "external environment" of the patient's own disease and hypoxia in high altitude area. The level of serum ROCK2 in the pulmonary hypertension group was significantly higher than that in the non-pulmonary hypertension group (P < 0.05), which was consistent with previous studies showing that the Rho/rho-kinase pathway in low oxygen conditions was activated to participate in pulmonary hypertension. Existing studies have shown that activation of ROCK can be phosphorylated 653 serine of NHE1 on the pulmonary vascular smooth muscle cell membrane to alkaline the cell to promote proliferation and migration of pulmonary vascular smooth muscle cell 21, 22 . Spearman correlation analysis was further conducted betweeen SpO2 and ROCK2 concentration, with r −0.307(p < 0.05), suggesting the lower SpO2,the higher ROCK2 level.Another under hypoxic condition, HIF-1 α expression increased, chronic hypoxia and inflammatory reaction influenced each other, and which can promote pulmonary vascular remodeling and thus affected the pulmonary arterial pressure 17 .
Chronic liver dysfunction is common in patients with pulmonary hypertension. The late manifestation of pulmonary arterial hypertension is that chronic liver function injury caused by right cardiac dysfunction, which is associated with elevated hepatic venous pressure, inadequate perfusion, and insufficient oxygen supply 23 . Serum bilirubin in the pulmonary hypertension group was significantly higher than that in the control group (P < 0.05), which confirmed that there was no significant difference between the two groups of serum glutamate transaminase and glutamate transaminase in Table 4 . Recent studies have shown that hyperbilirubinemia is an important factor affecting the survival of patients with pulmonary hypertension, with a value of 23.7 umol/L 24 . Table 6 . Comparison of renal function between pulmonary hypertension and control group. BUN: blood urea nitrogen, Cr: creatinine, UA: uric acid, Glu: glucose, CysC: cystain C, CRP: C reactive protein.
Control (n = 87)
Pulmonary Hypertension (n = 64) SV P ROCK1 (ng/mL) 20.9 (7.7, 36. The serum total protein and albumin level were significantly lower in pulmonary hypertension group (P < 0.05), which was associated with the ability of hepatic synthetic proteins and water sodium retention.
Pulmonary hypertension and renal dysfunction affect each other. As shown in Table 5 , renal perfusion in pulmonary hypertension group was insufficient, renal function deteriorated, excretion decreased, and CysC level increased. Wei Cai etc. Studies have shown that high uric acid hematic disease can reduce the NO level through the eNOs, and which intensified inflammation to damage endothelial cell functions by promoting the expression of IL -6, TNF -α, ICAM-1, VCAM-1 25 . In this way, pulmonary arterial hypertension is caused by pulmonary vasoconstriction and remodeling 26 . Research confirmed that hyperuricemia and nitrogen qualitative hematic disease are independent predictors for prognosis of patients with pulmonary hypertension, as well as hyperuricemia is an independent risk factor for various cardiovascular diseases such as atherosclerosis 25, 27, 28 , so it is necessary to correct hyperuricemia. high uric acid hematic disease, including atherosclerosis, a variety of independent risk factors for cardiovascular disease 25 , so it is necessary to correct high uric acid hematic disease. In short, pulmonary hypertension leads to hyperuricemia, and hyperuricemia can in turn promote pulmonary hypertension.
Conclusion
ROCK2 plays a leading role in pulmonary hypertension in the plateau region, so selective ROCK2 inhibitors will be more effective in improving pulmonary hypertension. Qinghai as a high-altitude area, the unique low oxygen environment can cause inflammation, which in turn can aggravate hypoxia, both of which can promote the occurrence of pulmonary hypertension. Oxygen therapy and improving inflammation should be taken seriously. In patients with pulmonary hypertension, right ventricular failure causes abnormal liver and kidney function, and hyperuricemia can promote the increase of pulmonary arterial pressure. Hyperbilirubinemia, hyperuricemia and hyperazemia indicate poor prognosis in patients with pulmonary hypertension.
Materials and Methods
151 patients were included in the study, who were admitted to the departments of cardiovascular medicine or respiration medicine in Qinghai Province Peoples' Hospital during December 2016 to June 2017, and they were long settled in Qinghai. This work has been approved by ethnic committee of Qinghai Provincial People's Hospital. The subjects should exclude whose combine with cerebral infarction, cerebral hemorrhage, cerebral ischemia, central nervous system demyelinating disease, Parkinson's disease, pancreatitis, bronchial asthma, malignant tumor, reactive rhinitis, etc. The group was based on the post-admission heart color doppler flow rate peak or pulmonary artery systolic blood pressure. There were 87 cases in the control group, including 47 males (54.02%) and 40 females (45.98%). The pulmonary hypertension group included 64 cases, including 34 males (53.13%) and 30 females (46.88%). The gender composition of the two groups was no difference (P > 0.05). The Han group in the control group included 54 cases (62.07%) and 33 cases of non-Han nationality (37.93%), while in the pulmonary hypertension group included 41 Han Nationality cases (64.06%) and 23 non-Han cases (35.94%). The ethnic composition of the two groups was no difference (P > 0.05). Control group included 35 hypertension cases (40.23%), 25 coronary heart disease cases (17.24%), 5 dilated cardiomyopathy cases (5.75%), 9 atrial fibrillation cases (10.34%), 9 chronic cor pulmonale cases (10.34%), 5 congenital heart disease cases (5.75%), 2 valvular heart disease cases (2.30%), and other 7 cases (8.05%). Pulmonary hypertension group included 33 chronic cor pulmonale patients (51.56%), 9 coronary heart disease cases (14.06%), 2 dilated cardiomyopathy cases (3.13%), 3 congenital heart disease cases (4.69%), 5 valvular heart disease cases (7.81%), 3 hypertension cases (4.69%), 3 atrial fibrillation cases (4.69%), 2 pulmonary embolism cases (3.13%), other 2 cases (3.13%).
The gender, age, ethnicity, height, weight, body mass index, height, residence time, blood pressure and fingertip oxygen saturation of each candidate were recorded ( Table 1) .
The disease composition of two groups were recorded (Table 2 ) and diagnosis was according to the latest guidelines.
The various indexes of cardiac color ultrasound (Table 3) were diagnosed by the experienced doctors in Qinghai Provincial People's Hospital using the Philups iE33 color doppler ultrasound diagnostic instrument with a 1-5 MHz probe frequency.
Blood routine index (Table 4) , liver and kidney function index (Tables 5 and 6 ) of all patients were measured by experienced doctors of Qinghai Provincial People's Hospital using the blood routine analyzer of Japan's Sysmex brand (XN-2000) and the automatic biochemical analyzer BECKMAN COULTER (AU5831). The data was carefully calibrated before the report.
We collected 87 cases of control group and 64 cases of pulmonary hypertension group fasting venous blood. After centrifugation, the upper serum was taken and stored in −80 °C refrigerator. The low speed centrifuge purchased from Anhui Zhongjia science instrument (KDC-1044) with a centrifugal speed of 3500/min and a time limit of 5 minutes.
Serum ROCK1 and ROCK2 were measured by enzyme-linked immunoassay. The ROCK1 enzyme-linked immunoassay kit was purchased from Shanghai Jining biotechnology co., LTD., and the sensitivity was 0.1 pg/ml, and the monitoring range was 2.5-80 ng/ml. The ROCK2 enzyme-linked immunoassay kit was purchased from Xiamen Kangyan biotechnology co., LTD., with a sensitivity of 7.8 pg/ml and a monitoring range of 31.2 to 2000 pg/ml.
The statistical analysis using SPSS 21.0 software. For the normal distribution measurement data, the results were expressed as mean ± standard deviation (x ± s) using an independent sample t test, while for the skewed distribution measurement data, the results were expressed as median (M) and quartile (P25, P75) with mann-whitney U test. The counting data used chi-square test. Values of P < 0.05 were considered statistically significant.
